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DRIFT-MINE RECLAMATION IN BIG FOUR HOLLOW NEAR 
LAKE HOPE, OHIO   A PRELIMINARY DATA REPORT

By Vance E. Nichols 

ABSTRACT

A subsurface clay dike and hydraulic seals were constructed 
in 197<J by the Ohio Department of Natural Resources, Division of 
Reclamation, to reduce acid mine drainage from an abandoned drift 
mine into Big Four Hollow Creek; Big Four Hollow Creek flows into 
Sandy Run, the major tributary to Lake Hope. A monitoring pro 
gram was established in 1979 by the U.S. Geological Survey, Water 
Resources Division, to evaluate sealing effects on surface-water 
and ground-water systems of the Big Four Hollow Creek and Sandy 
Run area just below the mine.

Data were collected by private consultants in 1970-71 near 
the mouth of Big Four Hollow Creek (U.S. Geological Survey 
station 03201700). Results showed an average pH of 3.1 (calcu 
lated from mean hydrogen-ion concentration in moles per liter) 
and a pH range of 2.7 to 4.8. The estimated sulfate load was 
1,000 pounds per day, and the estimated iron load was 100 pounds 
per day.

Data collected in 1979, before dike construction at this 
site, showed a daily mean pH range of 3.4 to 5.4, with an average 
of 3.7, and a daily mean specific-conductance range of 160 to 600 
microrrihos per centimeter at 25 degrees Celsius (.umho/cm), averag 
ing 400. Again, the estimated sulfate load was 1,000 pounds per 
day, but the estimated iron load had decreased to 50 pounds per 
day.

The first 6 months of postconstruction data from the site in 
1980 showed a daily mean pH range of 4.5 to 6.8, with an average 
of 4.9, and a daily mean conductance range of 175 to 405 pmho/cm 
with average of 300. The estimated sulfate load had decreased to 
570 pounds per day and the iron load to 8.5 pounds per day.

Data collected during the first 6 months after construction 
indicate moderate improvement in water quality. However, acidic 
water is still being impounded behind the dike and seals and has 
not yet been flushed out by infiltrating rain and ground water. 
Because the system has not yet stabilized, no interpretation or 
conclusive statement can be made at this time.



INTRODUCTION

Lake Hope, in Vinton County, Ohio, 55 miles southeast of 
Columbus, was formed in 1939 when Sandy Run was dammed 0.25 mile 
upstream from its mouth (Tobin and Youger, 1975). The lake is in 
Zaleski State Forest and is used for recreation. Acid drainage 
from abandoned drift (underground) mines and unreclaimed surface 
mines has affected the lake's water quality.

Sandy Run has its headwaters in the northeast corner of 
Vinton County, Brown Township, sections 11 and 12, and repre 
sents 53 percent of the drainage area contributing to Lake Hope 
(fig. 1). Both Sandy Run and Big Four Hollow Creek, a tributary 
of Sandy Run, carry mine drainage. Sandy Run above Big Four 
Hollow Creek (U.S. Geological Survey (USGS) station 03201600) has 
a drainage area of 1.01 square miles; Big Four Hollow Creek 
(03201700) has a drainage area of 0.98 square mile. Station 
locations and principal features of the mine area are shown in 
figure 1.

On June 20, 1979, the Ohio Department of Natural Resources, 
in cooperation with U.S. Environmental Protection Agency, began 
construction on a demonstration project designed to reduce acid 
mine discharge to Sandy Run, the principal tributary of Lake 
Hope. A large underground clay dike and 35 mine seals were 
placed in the down-dip side of the outcrop of the Middle 
Kittanning No. 6 coal at mine complex 88 (fig. 1). Toe drains 
were installed to remove water from the outside undisturbed 
trench wall before the clay dike was placed in the trench. The 
dike and seals will impound water in mine complex 88 and other 
smaller mines to the north (fig. 1). When the mines fill with 
water, free oxygen will be removed from the processes producing 
the acid and iron complexes, thus reducing acid mine discharge.

Acid mine drainage develops when the minerals pyrite and 
marcasite (iron sulfides), which are found in coal-bearing rocks 
in Ohio, react with free oxygen and water in partly filled under 
ground mines. This highly acidic, highly mineralized water can 
flow from mine openings or can emerge from springs and seeps, 
eventually flowing into local streams. If the abandoned under 
ground mines are completely flooded, however, free oxygen is 
removed from the chemical processes producing the acids.

A small surface mine (fig. 2, springs 15 and 16) north of 
the construction area was reclaimed at the same time as con 
struction of the dike to reduce another source of acidic surface 
water.
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Figure 1.--Big Four Hollow Creek and Mine 88 complex.
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Figure 2.   Big Four Hollow water quality sampling sites.



PURPOSE AND SCOPE

This report documents the changes that occurred in the sur 
face water and ground water as a result of the demonstration 
project to abate mine drainage into Big Four Hollow Creek. 
Hydrologic data were collected before, during, and after the 1979 
dike and seal construction to evaluate the effect of mine sealing 
on the hydrologic system and the usefulness of mine sealing in 
reducing acid mine drainage from drift mines.

This report is not intended to be conclusive or final be 
cause only 1 year of postconstruction data were available as of 
this writing. Several years may pass before the drift-mine 
complex fills completely and the formation of acid decreases.

METHODS AND APPROACH 

Surface Water

Six surface-water sampling stations (03201600, 03201615, 
03201630, 03201700, 03201720, and 03201722) were established 
October 1, 1978, near Lake Hope, Ohio. (Locations are shown in 
fig. 1.) Sampling sites 03201615 and 03201630 were discontinued 
July 10, 1979, and combined at a downstream sampling station 
03201660. Table 1 lists the stations in downstream order. The 
types of data collected at each site are shown in figure 2.

Sandy Run above Big Four Hollow Creek (03201600) and Hull 
Hollow Creek (03201720) were selected as control sites. They are 
near, but not affected by, the construction area in Big Four 
Hollow. Sandy Run above Big Four Hollow Creek was selected as a 
control stream representing acid mine drainage from the middle 
Kittanning No. 6 coal. Hull Hollow Creek was considered a non- 
acidic control stream. These sites served as water-quality- 
sampling and discharge-measuring sites for comparison with sites 
03201660 and 03201700. The Hull Hollow Creek site was also 
selected to record any stream-quality or discharge change due to 
leakage through the west side of Mine 88 (fig. 2).

Two-surface-water sites   03201660 and 03201700   were 
selected on Big Four Hollow Creek (fig. 2). These sites, one 
upstream and one downstream from the construction site, were 
used to collect water-quality samples and discharge measurements. 
The downstream site (03201700) was the most critical to the 
project because it would probably be the first to show any change 
in water quality or discharge resulting from mine seepage or 
ground-water leakage from the construction area. This station



Table 1.   Sandy Run basin gaging station names, numbers,
and type of data collected*

Downstream 
order number Station name Activity

03201615

03201630

03201660

03201700

03201600

03201720

03201722

Left Fork Big Four Hollow Creek 
near Lake Hope

Right Fork Big Four Hollow Creek 
near Lake Hope

Big Four Hollow Creek below 
confluence of left and right 
forks

Big Four Hollow Creek near Lake 
Hope

Sandy Run above Big Four Hollow 
Creek

Hull Hollow Creek near Lake Hope 

Sandy Run below Hull Hollow

Q,C

Q 

Q,C,M,S

Q,C

Q,C

C

C Biweekly sampling for water quality
Q Daily discharge
M Four-parameter water-quality monitor
S Daily sediment station



was upgraded October 1, 1978, with a water-stage manometer and a 
water-quality monitor that measures water temperature, outside 
air temperature, specific conductance, and pH. Water-quality data 
are summarized in appendix 1. Daily sediment samples were also 
collected at this station; data are summarized in appendix 2.

Sandy Run below Hull Hollow (station 03201722) was selected 
for water-quality sampling. This site is far enough downstream 
from Hull Hollow Creek (200 ft) to allow mixing of all inflow 
before discharging into Lake Hope.

A chemical schedule was followed once every 2 weeks at 
stations 03201600, 03201630, 03201700, and 03201722 (fig. 2). 
In addition, monthly and quarterly chemical schedules were 
followed at the above stations, and at station 03201720 on Hull 
Hollow Creek. Specific conductance, pH, dissolved oxygen, alka 
linity, acidity, temperature, and flow (all field-measured char 
acteristics) were measured at the stations when water samples 
were collected.

Certain chemical constituents were dropped from the sampling 
schedule after May 9, 1980, because they were not found at sig 
nificant levels. Water samples collected biweekly were analyzed 
for dissolved nutrients, iron (dissolved, suspended, and total), 
manganese, lead (total), and zinc (dissolved, suspended, and 
total). Samples collected monthly were analyzed for the same 
constituents, plus aluminum (total), nitrogen (as N), phosphorus 
(as P), carbon (total, dissolved, and suspended), and chemical 
oxygen demand. Samples collected quarterly were analyzed for the 
same constituents as the monthly samples plus nickel and mercury 
(both total). All samples in accordance with field techniques 
described by Rainwater and Thatcher (1960), and by Brown and 
others (1970; updated by Skougstad and others, 1979). All chem 
ical constituents listed in appendixes 3-15 were analyzed in the 
U.S. Geological Survey Central Laboratory in Atlanta, Ga.

Discharge hydrographs for the five stage-discharge sites are 
shown in figures 4 through 8 at the back of this report.

Ground Water

Six wells were drilled to monitor ground-water impoundment 
behind the clay dike. Holes were drilled, and 4-inch PVC plastic 
pipe was installed as casing. Three of the wells (designated RM- 
wells) were drilled into mine rooms (fig. 3). Automatic data 
recorders were installed at each well to record changes in the 
mine-pool level. Water levels at well RM-1 are plotted in fig. 9 
(at the back of this report). No water entered wells RM-2 and 
RM-3 during the data-collection period (Oct. 1978 - Sept. 1980). 
Well RM-3 was destroyed during construction of the dike.
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Figure 3.   Big Four Hollow water quality sampling sites.



Well RM-1 was sampled quarterly as soon as it contained 
enough water. The same chemical constituents were sampled as in 
the monthly surface-water samples (appendix 10). A PVC plastic 
point sampler was used to bail and sample the water. Well RM-2 
is to be sampled when the water level rises sufficiently.

Three other wells (designated SS-wells) were drilled, one 
next to each RM-well, into the sandstone ceiling above the coal 
(fig. 3). The SS-wells were periodically measured to detect 
ground water in the sandstone unit above the top of the coal. 
No water above the top of the coal was detected.

The "Old House Well", a domestic well about 200 feet east of 
mine entrance 90B (fig. 3), taps the sandstone below the coal. 
This well was sampled to determine the ground-water quality below 
the coal and underclay; it is to be sampled in the future to 
detect any leakage from the mine pool into the lower sandstone 
unit.

Mine Entrances, Seeps, and Drains

Before construction of the clay dike, the area between mine 
entrances 7 and 84 contained many springs and seeps and about 30 
mine entrances (fig. 2). Nearly all acid drainage into Big Four 
Hollow Creek came from those mine entrances. They were inspected 
at least quarterly. Water seeping from mine entrances 88 and 89A 
was sampled before the clay dike was placed and the mine complex 
closed in November 1979. Water-quality data from three sites are 
tabulated in appendixes 13 and 14.

During dike construction, toe drains were installed on the 
outside edge of the clay dike to drain seepage. Outflows near 
selected mine entrances 5 and 89A were sampled after October 
1979; data are included in appendixes 13 and 14. Mine entrance 
90B was sampled after April 1980, when built-in weep holes began 
flowing. (See appendix 15.)

Seeps 15 and 16 (fig. 2) were sampled to obtain antecedent 
data. Results are given in appendixes 11 and 12, respectively. 
These seeps will be observed and sampled again yearly for compar 
ison if the project continues.

Precipitation

A recording rain gage was installed at Sandy Run near Lake 
Hope (station 03201600), on May 17, 1979. Appendix 16 lists the 
amounts of rain collected, in inches per day, from May 17, 1979 
to Sept. 30, 1980.



RESULTS

Data collected by private consultants in 1970 and 1971 near 
the mouth of Big Four Hollow Creek (station 03201700) showed an 
average pH of 3.1 (calculated from mean hydrogen-ion concentra 
tion, in moles per liter) and a pH range of 2.7 to 4.8. The 
estimated sulfate load was 1,000 Ib/d (pounds per day), and the 
estimated iron load was 100 Ib/d (Stanley Consultants, 1971).

Data collected at the same site before construction of the 
dike in 1979 showed a daily mean pH range of 3.4 to 5.4, averag 
ing 3.7, and a daily mean specific-conductance range of 160 to 
600 >imho/cm (micromhos per centimeter at 25 degrees Celsius), 
averaging 400 jamho/cm. The data also indicated a sulfate load 
of 1,000 Ib/d as before, but a decreased iron load of 50 Ib/d.

All mine entrances and nearly all seeps stopped flowing 
after construction of the clay dike, except around mine entrance 
84 (fig. 2) and upstream from Big Four Hollow Road along Mine 88 
Hollow tributary (fig. 3).

Data from November 2, 1979 to May 1, 1980, indicate an 
improvement of water quality in Big Four Hollow Creek. The 
average pH (calculated from mean hydrogen-ion concentrations, in 
moles per liter) increased from 3.7 to 4.9. Specific-conductance 
averaged 400 >imho/cm before construction and 300 jimho/cm after 
construction. Average sulfate loads had decreased from 1,000 
Ib/d before and to 570 Ib/d after, and average iron loads 
decreased from 50 Ib/d before and to 8.5 Ib/d after.

Sediment loads before dike construction were smaller than 
during construction and after construction. The slopes in the 
basin were initially covered with established vegetation, but 
during and after construction (before new growth from reseeding), 
the disturbed areas were susceptible to erosion, which increased 
the sediment load in the stream.

Although the data indicate an improvement for the most part 
in the water quality of Big Four Hollow Creek since completion of 
the reclamation work in 1979, this does not imply that the im 
pounded mine water has improved. Water in the flooded mines is 
still acidic and high in iron and sulfate.

Once the mines are flooded, less oxidation of the sulfate 
minerals and less mineralization of the mine water can be ex 
pected. Precipitation and percolating ground water will slowly 
dilute and flush the impounded water. Only after a complete 
replacement of water in the mines, with a constantly-flooded 
condition, will reduction of acid mine drainage into Big Four 
Hollow Creek be possible.

10
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